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(57} ABSTRACT

A timepiece receives an externally transmitted radio
signal corresponding to an accurate time of day. Dis-
posed within the timepiece is a detecting mechanism for
detecting the time of day being displayed by the time-
piece. The signals are compared to determine the accu-
racy of the timepiece. The detection mechanism com-
prises an optoelectrical system which includes an emit-
ter for directing a beam of radiation toward the sensor.
The wheels of the gearworks intersect the beam ahead
of the sensor to normally block the beam from the sen-
sor. The wheels include orifices which, when aligned
with the beam, permit the beam to reach the sensor,
thereby providing an indication of the position of the
wheels, and thus of the time being displayed.

368/76, 80 13 Claims, 5 Drawing Figures
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1
ELECTROPTICAL DETECTOR FOR

DETERMINING THE POSITION OF THE TIME
DISPLAY MECHANISM OF A TIMEPIECE

RELATED INVENTION

This invention is related to that described 1n copend-
ing U.S. application Ser. No. 06/791,555, filed Oct. 25,
1985 by Jurgen Allgaier and Wolfgang Ganter (corre-
sponding to German Application Ser. No. P 34 39
638.1-31 filed Oct. 30, 1984). The subject matter of that

application is hereby incorporated by reference herein.

BACKGROUND AND OBJECTS OF THE
INVENTION |

The present invention relates to a mechanism for
~determining the accuracy of a timepiece such as a
watch. Such a mechanism has particular utility in- the
case of timepieces which include a receiver for receiv-
ing radio signals from an external source corresponding
to the accurate time of day, which signals are compared
with internal signals generated within the timepiece
indicative of the time of day displayed by the timepiece.

A detection device of this type is known from the
article by H. Effenberger, “Radio-Signal Timepiece
Controlled by Microprocessors With Analog Display”
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in a book entitled Radio Signal Timepieces, edited by W.

Hilberg (pp. 105-107). It is disclosed therein that a re-
flectable light beam be established in the face of the
timepiece in such manner that when the hour and min-
ute hands are oriented to shade an optoelectronic re-

30

ceiver system, a signal is generated whereby the fact

that one of these hands has been rotated at this instant
into a predetermined angular position is detected. A
disadvantage of a detection device of this type is that
both the hour and minute hand must be capable of being
rotated independently of each other, i.e., they must be
driven by separate stepping motors or by means of
change gears. This raises the cost of the manufacture
and operation of a timpiece of this type and in particu-
lar, 1in case of change gears, also the vulnerability of the
clock mechanism. A further disadvantage of the known
detection device is that, as the result of scattered light
influences, it is difficult to identify the exact light-block-
ing position of the hands. Also, hands of different
widths may lead to different signal actuation times.
Open-work perforated hands, such as those found in
fashion watches, may even produce multiple signals and
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thus erroneous evaluations, which may be compensated

for only by means of particularly expensive electronic
correction devices in order to insure the high display
accuracy expected by consumers from a radio signal

30

timepiece. The design of the face of a radio signal time-

piece may be complicated by the need for arranging the
optical sensor into the minute works in a highly visible
manner, so that hands of different lengths are able to
pass over it.- |

In view of these facts, it is an object of the invention
to provide a detection device of the abovementioned
type, wherein 1t 1s unnecessary to position sensors in
visually disadvantageous locations, and wherein no
restrictions are placed on the design of the hands.

Another object 1s to improve the operational safety of
such a device.

SUMMARY OF THE INVENTION

These objects are achieved by the present invention
which relates to a drive mechanism for use in a time-
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piece of the type comprising a time display mechanism.
The drive mechanism comprises a gear works including
a rotary wheel arrangement for driving the display
mechanism. A drive motor actuates the gear works. An
optoelectrical detection mechanism is provided for de-
tecting the time of day being displayed. The optoelectri-
cal detection mechanism comprises a device for direct-
ing at least one beam of radiation toward the wheel
mechanism and a sensor positioned for receiving the
beam. The wheel mechanism intersects the beam ahead
of the sensor to normally block the beam from the sen-
sor. The wheels include orifices arranged to be periodi-
cally aligned with the beam to permit the beam to be
received by the sensor at a predetermined rotational
position of the wheel to provide an indication of the
time being displayed. |

Such a mechanism 1s particularly useful in a timepiece
whose accuracy is controlled by an externally emitted
radio signal which corresponds to an accurate time of
day. The external signal i1s compared to a signal re-
ceived from the sensor within the timepiece to generate
an output signal for adjusting the gear works if inaccu-
racies are detected. |

By providing an arrangement wherein the sensing of
the position of hands occurs inside the mechanism, no
restrictions are placed on the design of the face and
hands of a timepiece. The mechanism 1s possessed of a
configuration, including the hand position detection
device, that is, overall, compact and entirely capable of
independent operation for testing before installation in a
timepiece housing. | |

In the case of arrangement wherein a stepping motor
drives a minute wheel and an intermediate wheel, infor-
mation concerning the position of the hands can be
obtained every twelve hours (accurately to the minute)
by a sensing of the minute wheel. This occurs indepen-
dently of the size and shape of the hands. In addition, a
sensing of a fourth wheel, including 1its mtermediate

wheel, produces hand position imnformation every min-

ute, accurate to the second. The coupling of this infor-
mation by means of an electric circuit (or a common
light beam) results in the actuation of a hand-position
detection signal accurate to the second, not only of the
second hand, but also the minute and hour hands driven
by the minute hand.

Following the assurance of a defined hands position
in the course of a revolution of the hour hand, the subse-
quent movement of the hands may be determined
merely by counting the stepping pulses onward from
this detection position.

Further embodiments, together with further charac-
teristics and advantages of the invention are described
hereinafter.

BRIEF DESCRIPTION OF THE DRAWING

The objects and advantages of the invention will
become apparent from the following detailed descrip-
tion of preferred embodiments thereof in connection
with the accompanying drawings in which like numer-
als designate like elements, and in which:

FIG. 1 depicts, in a longitudinal sectional view, a
clock mechanism with two separate stepping motors,
one to drive the seconds hand and the other to drive the
minute and hour hands, as well as two light beams;

FIG. 2 1s a plan view of the mechanism according to
FIG. 1;
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FIG. 3 1s a view similar to FIG. 1, depicting a modifi-
cation in which one stepping motor and one light beam
are employed;

FIG. 4 is a plan view of the mechanism according to
FIG. 3; and

FIG. 5 is a view similar to FIG. 1 of another modifi-
cation.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

A clock mechanism is depicted in FIGS. 1 and 2, 1n
which two independently actuated stepping motors 2, 3
are provided. The clock can be for a wristwatch, for
example. The rotor 4 of the seconds hand stepping
motor 2 is connected to a pinion gear 5 which drives an
intermediate wheel 6 and its pimion 7. The pinion 7
drives a fourth wheel 8 and the seconds-hand shaft 9
joined fixedly in rotation with the fourth wheel 8. Rota-
tion of the shaft 9 produces rotation of the seconds hand
(not shown) arranged on a face of the watch.

The rotor 11 of the second motor 3 drives a pinion 12
and the latter drives an intermediate wheel 13. A pinion
14 of the wheel 13 drives a minute wheel 15, the latter

being connected to a hollow minute hand shaft 16. The
- shaft 16 is connected frictionally at 17 with the wheel
15. Rotation of the hollow shaft 16 produces rotation of
a pinion 18 which drives a changing wheel 19. The

.- wheel 19 drives a pinion 20 which, in turn, rotates an
" hour wheel 21. The hour wheel 21 is rigidly connected
- with a hollow shaft 22 which carries an hour hand (not
: . shown).

... Therotors 4, 11 and the intermediate wheels 6, 13 are
- carried by a carrier plate 23, the latter forming a central

socket bearing 24 for the second-hand shaft 9. The bear-

ing 24 extends through the hollow shafts 16, 22.

) In front of a side 25 of the housing the watch face 10
...1s situated. Formed integrally on an inner surface of the

-.. side 25 is a bearing 26 upon which is mounted the inter-

.. mediate wheel 19, The mounting of the carrier plate 23

- and its step motors 2, 3 on the housing side 25 is not

", shown in the drawing. Behind the mechanism 1 a con-

ductor plate 37 1s arranged to contain the mechanism 1.
A recess 27 1s formed between the conductor plate 37

10
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and a back side 28 of the housing. Disposed in the recess -

27 are electrical elements 29 for a radio receiver and for
the time-keeping watch circuit (only indicated symboli-
cally in the drawing). These construction elements 29
are connected electrically with printed circuit paths 30
- on the conductor plate 37.

A certain angle position of the clock hands corre-
sponds to a certain turning position of the wheels 8, 13,
15 of the mechanism 1. For the detection of the entry of
the rotation angle into this position at least one, but
preferably two energy beams 31, 32 are provided, such
as visible light or infrared light for example. For reasons
of operational safety, preferably no reflectable beams
are employed. Rather, a conventional optical radiation
emitter 33 1s aligned with a cooperating radiation re-
ceiver 34. The beams 31, 32 are interrupted by the
wheels 6, 8 and 13, 15, 21, respectively, unless apertures
35 in those wheels are aligned with each other and with
the beams 31, 32.

The diameters of the orifices 35 in the most rapidly
running wheels of the mechanism 1 entering the beams
31, 32 (i.e., the intermediate wheels 6 and 13), are made
shorter than the arc segment 36 traveled by those
wheels during each incremental movement produced
by the stepping motor 4 or 11.
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The intermediate wheel 13, the minute wheel 15 and
the hour wheel 21 are interconnected such that. their
orifices 35 become aligned with one another once every
twelve hours. Consequently, once every twelve hours
the beam 32 optically actuates the receiver 34 to emit an
electrical signal that 1s accurate to the minute. In con-
trast, the orifices of the fourth wheel 8 and the interme-
diate wheel 6 become aligned with one another once
every minute. The receiver 34 therefore emits a pulse
once every minute, accurately to the second. For this
reason, the electrical combination of the output signals
of the receivers 34 (for example, by a coupling of their
signals in a conventional AND combinatorial circuit,
not shown herein) produces a signal accurate to the
second, every twelve hours as an electrical information,
indicating that the minute hand (also the hour hand due
to the driving connection in the mechanism 1) occupies
instantaneously one and only one definite (reference or
detectlon) angular position, predetermined by the de-
sign layout of the orifices 35.

In another embodiment of the invention accordmg to
FIGS. 3, and 4, only one stepping motor 2 1s provided,
which drives the fourth wheel 8 by means of the inter-
mediate wheel 6. The minute wheel 15 1s driven by
means of a fourth wheel pinion 38 through the third or
intermediate wheel 13’. Only one beam 39 is provided
and it extends between a radiation emitter 33 (disposed
in the circuit board 37), and a radiation receiver 34
(disposed 1n the front wall 25 of the case). That beam 39
intersects not only the fourth wheel 8 and its intermedi-
ate wheel 6, but now also the hour wheel 21 and the
minute wheel 15, each equipped with an orifice. This
results every twelve hours in the mutual alignment of
the orifices 35 whereby the receiver 34 emits a signal
accurate to the second since the intermediate seconds
wheel 6 is the carrier of the most rapidly moving orifice
35. This signal i1s generated without the need for the
electrical combination of the output signals of two re-

“ceivers 34, as in the embodiment accoding to FIGS. 1

and 2.
A further embodiment of the invention according to
FIG. 3 represents a design simplification with respect to

‘the embodiment according to FIG. 1. In the embodi-

ment according to FIG. §, a single radiation emitter 33
is provided, which emitter 1s common to the plurality of
beams 31, 32. That emitter 33, plus a plurality of radia-
tion receivers 34, are positioned in the circuit board 37
and connected mechanically and electrically therewith.
The optical radiation energy is conducted by radiation
conductors 41A, which are adapted to the particular
range in the spectrum of the beams being sent (e.g.,
acrylic glass for radiation in the range of visible light or
gerandium for radiation in the farther infrared range)..
The conductors 41A,B conduct the radiation from the
common sender 33 to the respective irradiation posi-
tions 42A, 42B of the light barriers 31, 32. Thus, there is
no need for an emitter/receiver pair per each siepping
motor, or for an emitter per each stepping motor.

It is more preferable to form the geometrical configu-
ration of the conductors 41A,B of rigid material by
machining or chipless methods rather than the use of
flexible optical fibers, as the desired shapes may be
dimensioned in keeping with the spatial conditions in
the clock mechanism 1 and thus are ready to be
mounted in the clock mechanism 1 with the correct
dimensions. That 1s, smaller radii can be realized from
rigid bodies 41 having titled mirrors 43 than from bent
optical fibers, as is known for example from floodlight



S

reflection technology. Also, a rigid conductor can be
mechanically fastened at virtually any point along its
length, whereas a flexible optical fiber must normally be
fastened at its outlet end. In the example of embodiment
shown in FIG. 5, two conductors 41 have inlets in front
~of the sender 33 and then branch out in keeping with
space conditions. The two rigid conductors 41A,B are
mounted on the support plate 23, which determines the
positioning of the gear mechanism and thus the location
of the orifices 35. One conductor 41A extends from a
plane located behind the plane of the drawing and
through an angle 44’ into the plane of the drawing and
through a further angle 44" into a recess 45 on the mnside

4,645,357
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of the front wall 25 of the case, wherein it terminates,

 after traversing a last angle 44'”, with a radiation outlet
~ surface in the irradiation position 42A. The other con-
ductor 41B is angled at 44A and extends parallel to the
support plate 23 behind the plane of the drawing in
order to enter the plane of the drawing, through a re-
cess 44B in the support plate 23. The conduit 42B termi-
nates with a radiation outlet surface in the irradiation
position 42B.

In accordance with the present invention according
to FIG. §, simplified manufacturing and installation
conditions, particularly in view of the location of the
electrical structural elements exclusively in the circuit
board 37. This also results in increased operating safety,
which is further enhanced by the improved shielding
against foreign radiation. Furthermore, a reduction in
the axial structural height occurs as compared, for ex-
ample, to the embodiment according to FIG. 1, as the
axial heights of the sender 33 and the receiver 34 are not
coaxial. Also, the outlets of the conduits 41A, 41B can
be arranged in compact and less accessible positions.

The light barriers 31, 32 39 operate preferably in the
infrared spectrum, as the emitters or senders 33, in the
form of radiation emitting diodes, can have very small
dimensions and may be operated at a voltage of less than
1.5 Voli, 1.e., in the manner of a battery-operated clock
mechanism by a single cell. In addition, receivers 34
tuned to an infrared radiation spectrum eliminate the
need for optical shielding against foreign light effects
from the environment of the mechanism 1. The arrange-
ment of the light barriers 31, 32 and 39, respectively,
within the practically closed case of the mechanism 1
provides, in and of itself, a degree of shielding that is
usually sufficient for practical needs.

If passage of one of the light barriers 31, 32, 39 is
permitted through axially aligned orifices, the hands
moved by the associated stepping motor 2 or 3 are in a
defined reference position. By electrically coupling the
structural elements 29 so as to count the subsequent
stepping motor pulses, electric information concerning
the instantaneous position angular position of the hand
with respect to the reference position 1s continuously
available. - |

If, however, an electrical or mechanical failure
should cause an error, 1t will be necessarily corrected
when the reference position is next attained.

It will be appreciated that the signals generated by
the receivers 34 1n the afore-described embodiments are
combined and fed to the circuitry 29 for comparison
with an external radio signal received by the timepiece.
That circuitry 29 is described in detail in the earlier
referenced copending applicafion. As a result of such
comparison, it can be determined whether the time of
day display is accurate; if not, then correction can be
made.

15
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Although the present invention has been described in
connection with preferred embodiments thereof, it will
be appreciated by those skilled in the art that additions,
modifications, substitutions, and deletions not specifi-
cally described may be made without departing from
the spirit and scope of the invention as defined in the
appended claims.

What is claimed is:

1. In a timepiece of the type comprising time display
means, a gearworks including rotary wheel means for
driving said display means, drive means for actuating
said gearworks, and an optoelectrical detection means
for detecting the time of day being displayed, the im-
provement wherein said optoelectrical detection means
comprises beam directing means for directing at least

- one beam of radiation toward said wheel means, and

20

sensor means. posttioned for receiving said at least one
beam, said wheel means comprising a plurality of
wheels disposed inbetween said beam directing means
and said sensor means for intersecting said at least one
beam ahead of said sensor means in order to normally

~ block said at least one beam from said sensor means, said
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plurality of wheel each including an orifice arranged to
be periodically aligned with said at least one beam to
permit the latter to be received by said sensor means at
a predetermined rotational position of said plurality of
wheels to provide an indication of the time being dis-
played, said plurality of wheels being driven incremen-
tally, the diameter of the orifice in the most rapidly
rotating one of such plurality of wheels being no larger
than the distance which such orifice is rotated during
each rotational increment, said plurality of wheels inter-
secting said beam such that said orifices in said plurality
of wheels must be aligned simultaneously with such
beam to actuate said sensor means.

2. Apparatus according to claim 1, wherein said at
least two wheels comprise a portion of said gearworks
which drives a seconds indicator of said display means.

3. Apparatus according to claim 1, wherein said at
least two wheels comprise a portion of satd gearworks
which drives a minutes indicator of said display means.

4. Apparatus according to claim 3, wherein a third
wheel intersects said radiation beam intersected by said
two wheels, said third wheel comprising a portion of
said- gearworks which drives an hour indicator of said
display means.

5. Apparatus according to claim 1, wherein said drive
means comprises a plurality of stepping motors, each
stepping motor actuating a set of said wheels, said opto-
electrical detecting means forming a separate radiation
beam for each said set of wheels.

6. Apparatus according to claim §, wherein said di-
recting means comprises an emitter for emitting a beam
of radiation and a plurality of optical conductors
aligned with such beam for creating a corresponding
plurality of separate beams, said sensing means compris-
ing a sensor for each of said separate beams.

7. Apparatus according to claim 6 including a support
plate on which at least some of said wheels are rotatably
mounted, said optical conductors being mounted on
sald support plate.

8. Apparatus according to claim 1, wherein said drive
means comprises a single stepping motor driving all of
sald wheels, there being a single radiation beam for all

of said wheels.

9. Apparatus according to claim 8, wherein there are
four said wheels intersecting said single radiation beam.
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10. Apparatus according to claim 1, wherein said
optoelectrical detecting means generates a radiation

beam in the infrared spectrum.
11. Apparatus according to claim 1, wherein said

directing means comprises at least one beam emitter,
sald at least one beam emitter and said sensing means
- being mounted on a common circuit board.

12. Apparatus according to claim 1, wherein said
directing means comprises at least one beam emitter,

S
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8

said at least one beam emitter and said sensing means
being mounted in opposing walls of said timepiece, said

gearworks disposed between said walls. -
13. Apparatus according to claim 1, wherein said

timepiece includes means for receiving an external radio
stignal and for comparing said signal with signals re-
ceived from said sensor means for determining the accu-

racy of said gearworks.
* % L E b
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